Low-temperature rock specimens were prepared by high and low temperature testing machine, and dynamic loads provided by the split Hopkinson pressure bar (SHPB) test system were applied to low-temperature rock specimens. Experiments on low-temperature rock specimens under high strain rates were also carried out, and three type specimens were analyzed. The results indicate that low-temperature rock specimens under high strain dynamic load applied by the SHPB, rock strength properties change with temperature, and change very differently with static load tests, water-saturated sandstone peak stress is initially rising slowly and dropping sharply, peak strain is initially dropping rapidly and rising sharply, respectively the inflection point temperature is -30 ℃ and -10 ℃. And In the range of 25 ℃ to -40 ℃, the trends of marble peak stress and peak strain is increased firstly, decreased and then increased, it has same inflection temperatures are -5 ℃ and -20 ℃. Furthermore, saturated sandstone and dry sandstone peak intensity change with low temperature that initially rising and dropping, the inflection point temperature is -30 ℃. It suggests that the presence of water enhance the effects of hypothermia on the dynamic mechanical properties of rocks, and media ice and rock matrix shrinkage rate difference is a key to rock strength change at low temperature state. That can expand dynamics of construction at low temperature have great significance on resource exploitation monitoring technique.
INTRODUCTION
Rock is anisotropic, heterogeneitic, discontinuous and complex, when the rock porous media lies in low-temperature environment, internal water in the rock pores and cracks could change and freeze, resulting in physical and mechanical properties of rock changes with not only the physical structure of itself, but also by its internal water, temperature, stress. Especially blasting in short duration, high amplitude of dynamic load changes its dynamic parameters will result in high strain rate, when inertial effects on the medium of rock mechanical behavior has a great impact. Currently split Hopkinson pressure bar (SHPB) is the most effective experimental device to study rocks dynamic behavior (Friedman et al., 1970) under impact loading.
Studies on the dynamic mechanical properties of rock under high strain rate have focused on state at room temperature, which proved that rock improve the dynamic compressive strength with strain rate increases (Tebaldi et al., 2016; Yang and Lv, 2012; Olsson, 1991; Gong and Li, 2011; Dai and Xia, 2010) . In dynamic impact experiments, rock failure under high strain intensity is much higher than the breaking strength at low strain rate and static loads, basic mechanical properties of rocks such as compressive strength, elastic modulus and rock energy absorption gradually increase with increasing strain rate (Yu, 1992; Yang and Li, 1992) .
But with the project commencement in freezing cold and soft rock regions, due to the mechanical properties of rock materials change state at low temperatures, simply follow the laws of mechanics and rock at room temperature will not help plan and implement the project.
Researches focused on low-temperature rock freezing and thawing, who studied the water content and the amount of super-cooled water to freeze-thaw influence on rock strength and deformation characteristics (Watanabe, 2002) If adequate water supplied, the change would further aggravate the state of freeze-thaw damage deterioration rock (Zhang et al., 2004) . The initial moisture content was the cause of freeze-thaw damage and failure, water saturated rock under the effect of the freeze can cause rapid expansion cracks (Hall et al., 2002; Hall, 1986) . Fukuda (1974) and JLautridou (1982) studied rock porosity impacts on freeze-thaw rock damage. Along with studies on low temperature physical and mechanical properties of rocks, most of the researches were in the static or quasi-static conditions, It was confirmed the rock tensile and compressive strength increase with decreasing temperature (Yamabe and Neaupane, 2001; Aoki et al., 1990; Tang et al., 2010; Xi et al., 2014; Qu, 2014) . Just a few domestic and foreign researches on rock physical and mechanical properties at low temperatures, frozen rock dynamics characteristics were even less.
With the increasing geotechnocal engineerings in high-altitude, cold, freezing of district and regional bodies glacial deposit regions, studies on rock water, mechanics, dynamics of construction at low temperature in these special geological environment have great significance on resource exploitation. It has important implications, especially with a strong engineering and practical significance on the China western Shaft construction freeze construction method.
The remainder of this paper is organized as follows. Section 2 describes SHPB systems, test principles, specimen preparation and test methods. In section 3, according to the test results and analysis of the test data, points out the phenomenon causes, effects of rock specimen dynamics of factors and laws. Section 4 is the conclusion.
MATERIALS AND METHODS
The mechanical response of an object differs significantly under static loads blast and impact loads, the studies has considerable difference. Explosion, shock loads to short duration occurs in milliseconds, microseconds or even nanosecond, which could cause a significant change in motion parameters, medium body infinitesimal inertia must be considered in dynamic process (Lu et al., 2013) . To researches rocks dynamic behavior under high strain rate loading, the most effective way is SHPB experimental techniques. The core idea is that stress wave propagation experiment rod load stress and test displacement, based on the information bar stress wave propagation, solve the stress rod and the sample end -displacement -of time, resulting in stress -strain relationship; use loading wave much larger than the thickness of the specimen carrier, make the sample under load process in a partial state of dynamic equilibrium, so that the wave propagation effects of the stress wave effect could be ignored when considering the deformation of the specimen, and stress wave effect and the strain rate effect could be successfully decoupling (Tao, 2014) .
SHPB System
The SHPB system experimental device consists of power systems, impact bars, rods input, output rod, damper and data acquisition system. The impact experiment rod is driven by the power of high-pressure gas system impact input rod, the elastic wave excitation will spread along the axial direction of the rod, since the strut and specimen bar-wave impedance dismatched, specimens deforms quickly under the effect of incident pulse, but also disseminated reflected wave, transmitted wave to each input rod and the output rod, the three-waves are monitored and recorded by the bar attached to the surface of the strain gauge -high dynamic strain -system transient waveform memory and other components. SHPB experimental system is shown in Figure 1 : Figure 1 . SHPB experimental system 2.2 Data processing and cryogenic rock specimen preparation
SHPB data processing
According to the one-dimensional stress wave assumption, the specimen waveguide rod is always in one-dimensional stress state and only presents the axial stress, so the stress wave propagation in the waveguide and the rod specimens can be obtained by the one-dimensional elastic stress wave theory:
In surface displacement formula, u 1 , u 2 is the input rod, output rod of the specimen in contact; C 0 is elastic longitudinal wave velocity of lever system; P 1 , P 2 is the input, output rod role at both ends of the specimen force; E is the modulus of elasticity of the lever system; A is the cross sectional area of the bar. According to equation (1) and (2) can introduce strain, strain rate and strain on the specimen.
Where, l s is specimen length; A s is the cross sectional area of the specimen.
According to stress uniformity assumption that both ends of the specimen stress equal to afford (Tao, 2014) .
The formula (6) into (3) Formula (5) can obtain
According to the input and output rod measure strain signal can be obtained strain, strain and stress on the specimen. The formula (3) to (5) is called three-wave treatment formula, and formula (7) to (9) is called the two-wave treatment formula.
The experimental method of low-temperature coupling with the impact load sequentially is adopted. The experimental process includes preparation of low temperature specimen and impact and loading of specimen.
Preparation of rock specimens
In accordance with the rock specimen processing requirements, using a vertical core drilling machine on the rock drill core in diameter of 75mm through rock core cutting machine for cutting, cutting length slightly larger than the size of the design in order to polish the end face of the specimen. Finally, the specimen polished on both end surfaces. Test use two kinds of dried and saturated aqueous state rock specimens, preparing a dried state for rock specimen: send the specimen into the oven, bake at a temperature of 105 ℃, 48 hours to constant weight (within 24 hours its quality does not change more than 0.1%), then weigh and record each rock sample quality. Water-saturated rock sample preparation method: The specimen place in a vacuum drying machine full of water, in order to extract the container air pressure at 0.1MPa, inject distilled water after extract 2 hours into the container, the water should be higher than the specimen, pumping continuously for 4h until no bubbles overflow, then stand 48 hours at the atmospheric pressure, weigh saturated water quality specimens and record. Use ultrasonic tester test the specimen with longitudinal wave velocity measuring method, acoustic parameters of dry and water-saturated rock are obtained respectively. Specimen processing is complete smeared Vaseline and wrapped with plastic, then place under high and low temperature testing machine, freeze the specimen. Initial physical parameters of rock samples at room temperature are shown in Table 1 . 
Test program
Placed water-saturated or dried specimen in high and low temperature testing machine at a constant cooling rate, temperatures were reduced to -5 ℃, -10 ℃, -15 ℃, -20 ℃, -30 ℃, -40 ℃, and wherein at least a constant 24 hours was available for impact testing under high strain rate. Along with at room temperature (25 ℃) test group, this test based on the temperature gradient was divided into seven groups of at least three specimens. Then quickly transferred the specimen to 75mm large diameter SHPB test device, applying 0.72MPa impact pressure, completed shock rock uniaxial compression tests at low temperature.
The tests applied the same axial impact load method, observed the change course of sandstone and marble specimen from room temperature to low temperature. Effect of temperature on mechanical properties of rock at high strain rates, and analyzed the presence of water on rock specimens affected the dynamic mechanical properties of rocks. Using a three-wave method of test data, the corresponding rock peak intensity at different temperatures are shown in Table 2 to Table 4 . 
CRYOGENIC ROCK MECHANICS CHARACTERISTICS

SHPB test results
Effects of low temperature on gradient strength properties of rock
According to the table of experimental data, saturated sandstone and marble peak intensity change with low temperature gradient are shown in Figure 3 -Figure 4 . In negative temperature conditions, static load compression test on water saturated sandstone reveal that the peak intensity of the sandstone decrease with temperature (10 ℃ ~ -15 ℃) increase exponentially (Shan et al., 2014) . But in the dynamic compression test, sandstone strength properties change with temperature, and change very differently with static load tests. As shown in Figure 3 , the temperature dropped from 25 ℃to -5 ℃, the peak intensity of the sandstone increase from 98.51MPa to 102.47MPa, increase for 4%, When temperature decrease from -5 ℃ to -30 ℃, peak intensity increase with decreasing temperature, while in -10 ℃, peak intensity of saturated sandstone is 113.16MPa. Trends of marble and sandstone peak intensity are very different, water-saturated marble when the temperature dropped to -5 ℃ from 25 ℃, the peak of intensity sharply decrease, drop of 23.10%; in the range of -5 ℃ -20 ℃, peak strength increases with decreasing temperature, at -10 ℃ water-saturated marble intensity peak is 147.07MPa, -15 ℃ is 158.01MPa, -20 ℃ is 163.12MPa, respectively, compared with -5 ℃ increase 16.26%, 22.06%, 24.50%; peak intensity decreases with decreasing temperature at -20 ℃ to -40 ℃, -30 ℃ to 146.69MPa, -40 ℃ to 133.79MPa, decreased by 10.07% and 17.98%.
Through the above test data showed that hypothermia is an important factor affecting the performance of the rock strength in the dynamic mechanical test, its impacts and effects with the way static load test are very different, previous studies suggested that the static load in negative temperature, strength properties of rock under uniaxial and triaxial state increase with decreasing temperature, and achieved widespread consensus, but in dynamic mechanical tests, rock strength characteristics as water and water-ice phase transition existence becomes more complex but overall, the water in the rock increase the impact of decreasing temperature on the dynamic mechanical properties of rocks.
Effects of low temperature on gradient strain properties of rock
Peak strain is an important index to measure the deformation characteristics of rock under ultimate load. The study of peak strain under high strain can determine the variation characteristics of rock under certain conditions and analyze the characteristics of its extension and brittleness, which provides data support for the actual rock breaking project. Through the rock stress-strain curves at different temperatures under high strain rate analysis, the variation of corresponding rock peak strain with temperature are obtained. Table 5 and Figure 5 are sandstone peak strain with temperature variation. It can be seen in Figure 5 , there is a big difference between peak strain variation with temperature and peak stress variation. Saturated sandstone has a turning point at -10 ℃, When temperature is higher than -10 ℃(25 ℃ ~ -10 ℃), peak strain decreases with decreasing temperature, when temperature is lower than -10 ℃ (-10 ℃ ~ -40 ℃) , with the temperature reduction peak strain gradually increased.
(1) In the range of -10 ℃ to 25 ℃, peak strain continued to decrease, from 0.0164 at 25 ℃ -5 ℃ drop finally down to 0.0128, drop of 21.95% of the total, in the range of -5 ℃ to -10 ℃, strain dropping tendency is greater than 25 ℃to -5 ℃. Temperature decrease mineral particles shrinkage, the rock changes from ductile brittle, enhanced ability to resist deformation, so the peak has a decreasing trend. But 0 ℃ to -5 ℃ is a special section, there is a phase change of water to ice, water ice phase change makes volume expand 9%, for the full as sandstone, the ice volume expansion leads to the generation of frost heave force, exacerbated the extent of damage inside the rock, the ability to enhance the deformation, resulting in the slightly decrease from 25 ℃ to -5 ℃.
(2) In the range of -10 ℃ to -40 ℃, saturated sandstone peak strain increases with decreasing temperature, at -20 ℃ the peak strain is 0.0141, -30 ℃ is 0.0145, -40 ℃ is 0.0189, compare with -10 ℃ respectively up to 10.16 %, 13.28%, 47.66%. After -10 ℃ as the temperature decreases, the rock matrix and ice volume increased with decreasing temperature shrinkage, but ice is shrinking faster than the contraction of the rock matrix, new defects occur within the two media of different speeds which lead to shrinkage of rock, pores, cracks and other mechanical properties deteriorate in impact load carrying capacity decreased, the deformation increased, and as the temperature drops even more serious deterioration phenomenon, peak strain continued to increase, reflected in the macro is broken after the destruction increased number of body volume smaller, severe fragmentation.
What need to be aware of is the range of 0℃ to -5℃ is a relatively special section, where there is a phase transition and volume expansion reaches 9%. The expansion of the ice volume leads to generation of frost force, which aggravates the damage degree of rock and enhances deformation capacity of rock. It can be seen in figure 6 , waterlogged marble overall trend in the range of 25 ℃ to -40 ℃ is to increase, and then decreases, and then increases.
(1) In the range of 25 ℃ to -5 ℃, marble peak strain increases with decreasing temperature. This stage temperature from room temperature down to negative, between the pore water saturation phase change into ice, water ice phase change volume expanding frost heave force, internal damage of sandstone and marble is serious, is reflected in the macro-rock crushing others. It is within the range of 25 ℃ to -5 ℃ peak strain decrease with increasing temperature.
(2) In the range of -5 ℃ to -20 ℃, peak strain decreases with decreasing temperature. Ice and rock matrix with decreasing temperature at -5 ℃.With the volume the contraction is closed, then the rock deformation tends brittle.
Water ice phase transition on the dynamic mechanical properties of rock
It can be seen from figure 7 -8 that trends of saturated sandstone and dry sandstone peak intensity change with the temperature is quite different. Dry sandstone strength with decreasing temperature, then decreases, node transition temperature is -30 ℃; Saturated sandstone has same process, but in the range of 25 ℃ to -5 ℃ its strength has a small increase, the rate of increase in the dry state 14%, so the phase change of water ice can be weakened mechanical properties of saturated sandstone in some degree; Saturated sandstone's strength injury is serious after -30 ℃, this is due to the negative temperature state, media ice and rock matrix shrinkage rate difference is too large. Saturated marble temperature dropped from 25 ℃ -5 ℃, intensity decreased 23.10%, higher moisture content of sandstone range has improved slightly, indicating that alone porosity, moisture content can not measure the extent of frost damage to the rock. Some moisture content of the rock itself is not high, but mainly concentrated in the rock fractures, causing more effective frost heave, resulting in reduced mechanical strength of rock. In this experiment, water content of sandstone is higher than marble, probably because fracture saturation of less than marble, frost damage and the effective loss of mechanical strength but less than marble.
CONCLUSION
(1) In the range of 25 ℃ to -40 ℃, the trend of water-saturated sandstone peak stress is initially rising slowly and dropping sharply at high strain rates, the inflection point temperature is -30 ℃. At the same time, the trend of peak strain is initially dropping rapidly and rising sharply, the inflection point temperature is -10 ℃.
(2) At high strain rates, peak stress marble and sandstone trends are very different. In the range of 25 ℃ to -40 ℃, the trend marble rock is first increased, then decreased and then increased, inflection temperatures are -5 ℃ and -20 ℃. Meanwhile, the trend of marble rock peak strain is first increased, then decreased and then increased the inflection point temperatures are -5 ℃ and -20 ℃.
(3) Dynamic mechanical properties of rocks occur deteriorated in the range of -15 ℃ ~ -30 ℃. Because the rock and ice matrix will shrink along with the temperature decreases, and the rock matrix shrinkage rate was significantly large.
(4) In the strong impact loads, dynamic strength to play a deterioration of the low-temperature rock. In the dynamic mechanical test, the strength properties of the rock become more complicated, and because of the presence of water and ice-water phase transition. But the presence of water in the rock, it enhanced the impact of hypothermia on the dynamic mechanical properties of rocks.
